Abstract-Since the energy supply of a sensor node is limited, energy optimization should be considered as the key objective when studying the wireless sensor networks (WSN). Facing these challenges, clustering is one of the methods used to manage network energy consumption efficiently, and plays an important role in prolonging network lifetime and reducing energy consumption. The improved clustered routing algorithm based on distance and energy is proposed, which efficient improve the rate of data aggregation, thus greatly decrease the energy consumed. Experimental results show that the proposed routing algorithm has higher efficiency and can effectively prolong the lifetime in WSN.
I. INTRODUCTION
A wireless sensor network (WSN) is a collection of nodes organized into a cooperative network that determined by a large number of sensor nodes through wireless communication technology [1] . WSN is a new free wireless network infrastructure, to collaborate in real-time monitoring, sensing or monitoring and collection of various environmental objects, and process, through wireless communication to transmit the information to the information aggregation point [2] . Each node consists of processing capability, may contain multiple types of memory, have a power source, and accommodate various sensors and actuators [3] . As a typical application of pervasive computing, wireless sensor networks deployed within the monitoring area by a large number of low-cost and low-power sensor nodes, collecting coverage perceive objects [4] . As a sensor node's energy supply is limited, the reasonable and effective use of clustering routing protocol enables network nodes have load balanced and a smaller rate of energy dissipation in wireless sensor networks become a hot topic of research.
The clustering routing protocol in WSN is a very important problem and has attracted much attention of many domestic and international researchers. Clustering routing protocol is widely recognized as the most effective organization [5] . Clustering routing protocol is now recognized as one of the most effective method of managing network energy consumption [6] . Through the agreement agreed in the entire network coverage elect a certain number of nodes as the cluster head, and cluster head through interactive information to build the entire network topology .Meanwhile, clustering routing protocol also has routing, resource management, and data integration capabilities.
WSN is a network of limited energy, and if some of the nodes in the network excessive energy consumption, then the node will fail in a short time, resulting in an effective sensing area becomes smaller and further affect the overall network performance [7] .In order to reduce and balance the various nodes in the network energy consumption, this paper proposed an improved clustered routing algorithm based on distance and energy, called IEECS(Improved Energy Efficient Clustering Scheme) that efficient improves the rate of data aggregation, thus greatly decrease the energy consumed. Simulation results show that the proposed routing algorithm has higher efficiency and can effectively prolong the lifetime in WSN.
The rest of this paper is organized as follows: A brief survey is given in section 2. We study the IEECS routing algorithm and formalize it in Section 3.Experimental results and comparisons with traditional routing algorithm are presented in section 4. Finally, section 5 concludes the paper and discusses some future research directions.
II. RELATED WORK
In this section we focus our discussion on the prior research on energy optimization in WSN. In WSN, the first principle of routing design is to save energy and prolong the survival period of network systems, and protocols cannot be too complicated, too many nodes can not save the information to avoid sending redundant information.
LEACH (Low-Energy Adaptive Clustering Hierarchy) is a cluster-based routing protocol [8] . Although LEACH can improve network lifetime, but there are some problems: (1) Since LEACH assumes that all nodes can communicate directly with the aggregation nodes, and each node is capable of supporting different MAC protocols computing power, so the agreement not suitable for large-scale wireless sensor network application; (2) Since the initial assumption LEACH cluster head selection rounds, all nodes carry the same energy, and each node in a cluster head consumes roughly the same energy. Therefore, the protocol is not suitable for the network node energy imbalance. In [9] M-LEACH (Multi-hop variant of LEACH) is no longer a single hop transmission of data to the cluster head, but by other nodes in the cluster forward. In [10] proposed EEUC (Energy Efficient Unequal Clustering) algorithm. It is the competitive advantage of non-uniform radius, making the clusters near the convergence point of the relatively small number of members to the cluster head can save energy for data forwarding to use, to achieve a balanced cluster head energy consumption. In addition, select a cluster head node, not only to consider candidates for the position of the node relative to a focal point, should the candidate also consider residual energy of nodes. Unlike LEACH, EEUC cluster head competition by way of local produce, while multi-hop cluster head forwards the data between.
SAR (Sequential Assignment Routing) protocol by constructing single-hop neighbors to sink node is the root of the multicast tree the sensor nodes to the sink multi-hop path. It is characterized by a routing decision to take into account not only the energy of each path, but also related to demand and end to end delay of data packets to be sent priority [11] . SPIN (Sensor Protocol for Information via Negotiation) routing algorithm goal is to use the system of consultation between the nodes and resources of adaptive mechanisms to address the shortcomings of the traditional method [12] . EARSN (Energy-Aware Routing for Cluster-based Sensor Network) is a three-tier architecture based on routing protocols. The agreement will run before the network sink by the end user by clustering the sensor nodes, and notify the first node of each cluster and the cluster ID identifies the location information of the distribution node [13] . A MAC (Medium Access Control) protocol coordinates actions over a shared channel [14] . Most MAC protocols optimize for the general case and for arbitrary communication patterns and workloads. An effective MAC protocol in wireless sensor networks must consume little power, avoid collisions, be implemented with a small code size and memory requirements, and be tolerant to changing radio frequency and networking conditions.
In the following sections, this paper will focus on the analysis of three clustered routing algorithms: LEACH, DCHS (Deterministic Cluster-Head Selection), EECS (energy efficient clustering scheme).
A. LEACH
The basic idea of the LEACH is as follows: In the start-up phase, cluster heads randomly selected, transmit control information, the energy of the entire network load evenly assigned to each sensor node in the network so as to reduce energy consumption and increase the survival time for the purpose of the entire network [15] . In the stable phase, the node continuously monitor data collection, transmission and the integration of the necessary treatments, sent to the sink node, which is a reasonable amount of reducing communications business operation. The specific choice of cluster head is: each sensor node randomly selects a random number between 0-1. If the selected value is small at a certain threshold, then the node becomes a cluster head node. The formula is as follows:
where p is the probability of cluster head node election, r are the number of rounds, G is a collection of nodes that the latest 1/ p rounds have not yet elected cluster head nodes.
As can be seen from Eq.(1) that cluster head node in the next 1/ p wheel cycle will not become cluster head, the remaining nodes of the cluster head election threshold increases, the node generates a random number is less than the probability increases .Therefore, the cluster head node election increases the probability. LEACH is based on random numbers by each node to decide whether to elect cluster head, cluster head round produced no definite number and location. Although LEACH can reduce network energy consumption and prolong network lifetime, but it only considers the single hop model, not suitable for large-scale WSN network.
B. DCHS
DCHS protocol is an improved LEACH algorithm that combines with the node residual energy [16] . DCHS takes energy factors into account to improve the Eq. (1) as follows:
where _ n current E denotes the current energy of node, and _ max n E denotes the initial energy of node. By improving the Eq. (2), the lower proportion of the energy consumption of the cluster head node first elected. Experimental results show that the DCHS algorithm based on LEACH can effectively improve the network life cycle of 20% to 30%.
This strategy ensures a more energy nodes have a greater chance to become the cluster head, thus balancing the entire network energy consumption. However, the Eq. (2) also exists a flaw: when the network running for quite a long period of time, all the node's current energy have become very low, then the threshold will be smaller, all nodes become cluster head probabilities are greatly reduced, the number of cluster head election round reduced, resulting in network energy consumption is not balanced, the network life cycle shortened. DCHS algorithm is still using a random strategy, the only difference increases the energy of the cluster head node becomes high probability, although this energy balance of the node, but the cluster load balancing between unresolved, namely the energy of each cluster consumption rate may vary unevenly distributed nodes to produce very different.
III. PROPOSED ROUTING ALGORITHM
LEACH algorithm cannot guarantee that the cluster load balancing, and does not take away from the base station to cluster head farther excessive energy consumption problems. Since LEACH protocol shortcomings, EECS proposed a new communication cost Eq. (3) to determine which cluster node is added [17] :
where cos ( , ) t j i is the cost that node BS . EECS algorithm always allows maximum residual energy was elected as the cluster head node.The communication cost of EECS only considers the ordinary nodes and cluster head distance, and the distance between the cluster head and the base station, without considering the current energy cluster head in the clustering stage. This will result in a relatively small part of the remaining energy of cluster head node early death phenomenon. This paper fully integrated the advantages of DCHS and EECS, and proposed the IEECS routing algorithm that elects the cluster head based on distance and energy. IEECS not only ensures more energy nodes have a greater chance to become the cluster head, but also ensures the clusters head have effective utilization of energy. The new communication cost is calculated as follows:
where, 1
IEECS is divided into two stages: the cluster head establishment phase (setup phase) and the data transfer phase (ready phase). The sum of the duration time in the setup phase and ready phase called a round .In the setup phase, according to the above described communication cost formula, select the cluster head node. Cluster head node is selected, broadcast news to become the cluster head node based on the intensity of the received message which decided to join the cluster, and inform the appropriate cluster head, complete cluster building process. Then, the cluster head node using TDMA way for cluster members assigned time slots to transmit data. Sensor nodes are a good distribution of TDMA time slots at a time to detect their own data to the cluster head node. Cluster head node conduct data fusion for data collected before transmitting information to the base station, which transmits the data to the monitoring center for data processing. After a period of stabilization phase, the network re-enter the cluster setup phase, the next round of cluster head rebuilt.
IV. SIMULATION RESULTS
In this section, in order to verify the effectiveness of the proposed IEECS protocol, we use Matlab as an experimental simulation platform and compare IEECS with EECS, LEACH and DCHS. Experimental parameters are shown in Table 1 . In addition, we define the effective utilization of energy of the sensor network, and the specific formula is as follows: Fig. 1 , IEECS probably experienced 900 rounds before all died, while LEACH died all nodes in about 550 rounds. Because in the LEACH protocol, the cluster head using single hop communication to send data to the base station. In Fig. 2 , with the growing number of sensor nodes and the gradual expansion of the network scale, but IEECS slowest running time increases, indicating that the protocol has good scalability. In Fig. 3 , IEECS receives a maximum amount of data in the base station, indicating that the network system performance is best. In Fig. 4 , the experimental curve of IEECS is the minimum fluctuation range, indicating that the protocol has good stability. Figs. 1-4 , we can see that: the proposed IEECS outperforms EECS, LEACH and DCHS, IEECS can effectively prolong the network lifetime. This is because IEECS fully take into account two factors that influences system performance: energy and distance, and fully integrate the advantages of DCHS and EECS. IEECS prolongs the time of death of the first node, and increases the effective utilization of energy in LEACH protocol operational mechanism.
V. CONCLUSIONS
Wireless sensor network as a new information acquisition and processing technology, has incomparable advantages of traditional technology, with extensive coverage, monitoring high, remote monitoring, rapid deployment, can be self-organized and high fault tolerance features, so will open up many new and valuable commercial applications. In order to further reduce energy consumption and maintenance of node energy balance, this paper proposed an improved clustered routing protocol based on chaos optimization strategy and low-energy adaptive clustering hierarchy protocol, which efficient improves the rate of data aggregation, thus greatly decrease the energy consumed. Simulation results show that the proposed routing algorithm has higher efficiency and can effectively extend the life in WSN.
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